Introduction
Reproduction is of central importance to the pork industry, and signifi cant resources have been devoted to understand biological phenomena that could lead to further genetic improvement of reproductive effi ciency in commercial swine lines. Although map-based approaches have been shown to be powerful at identifying genes that affect production traits in livestock (e.g. Fujii et al. 1991; McPherron and Lee 1997; Milan et al. 2000; Page et al. 2002; Grisart et al. 2004) , quantitative trait loci (QTL) mapping methodology has not been very fruitful in the studies of reproductive traits, providing inconsistent results with low resolution, that have thus far not allowed for identifi cation of the underlying genes.
Integrated approaches, merging mapping information with gene-expression data, have been proposed as a viable alternative to dissect the molecular basis of complex traits (Wayne and McIntyre 2002; Schadt et al. 2003; Pomp et al. 2004 ).
Such approaches require high-density maps, saturated with known genes and expressed sequence tags (ESTs), as well as reagents for high throughput gene expression analysis. In the pig, several studies have generated and/or used genomic tools to study the molecular basis of economically important traits (e.g. Rohrer et al. 1996; Fahrenkrug et al. 2002; Rink et al. 2002; Caetano et al. 2003 Caetano et al. , 2004 Tuggle et al. 2003 , reviewed in Rothschild 2003 . Although specifi c large-scale resources have been created to study swine reproductive traits (see Pomp et al. 2001; Tuggle et al. 2003; Rohrer 2004) , these still require further development. In support of this, the information content of the swine radiation hybrid (RH) map has been signifi cantly increased by the recent addition of a large number of ESTs (Rink et al. 2002; Tuggle et al. 2003) , as well as large-scale comparative fl anking sequence annotation of microsatellite loci (Robic et al. 2003) . Caetano et al. (2004) conducted an expression-profi ling study to identify genes that are differentially expressed in ova-ries and ovarian follicles of sows from swine lines selected for an index of high ovulation rate and embryo survival (Johnson et al. 1999) , during the follicular phase of the estrous cycle. We now report on the physical mapping of 91 of the genes identifi ed as differentially expressed in that study. et al. (2003) generated 3479 unique ESTs by sequencing clones from a normalized ovarian follicle cDNA library. These clones, in addition to a few other ovarian follicle-derived ESTs, were used to build a 9216 feature cDNA microarray that was subsequently used in expression profi ling experiments to compare mRNA levels from ovarian follicles and from ovaries between a swine line selected for enhanced reproduction and its randomly selected control line (Caetano et al. 2004) . Using very strict statistical analyses, 131 probes representing 106 unique genes were found to be signifi cantly differentially expressed (Caetano et al. 2004) . Sequences of ESTs for these genes (Caetano et al. 2003) were used to design primers for RH and somatic cell hybrid (SCH) mapping.
Materials and methods

Source of EST sequences
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PCR primer design and optimization of amplifi cation
Design of polymerase chain reaction (PCR) primers was as previously described (Tuggle et al. 2003) . Briefl y, primers were designed with Primer3 (http://0-www-genome.wi.mit. edu.library.unl.edu:80/cgi-bin/primer/primer3_www.cgi) with some changes in the default parameters (primer size of 25 bp, melting temperature of 65 °C, and maximum difference between T m of the left and right primers of 5 °C). Each primer set (Table 1) was tested against mouse, hamster and pig DNA in 10-μl reactions containing 25 ng of genomic DNA, 1.5 mm MgCl 2 , 50 μm of each dNTP, 2 μm each primer, 1 U Taq polymerase, 1X reaction buffer (Promega, Madison, WI, USA), and 1X Rediload (Invitrogen, Carlsbad, CA, USA). Cycling conditions used with each primer set are described in Table 2 . Amplifi cation products were visualized after electrophoresis in ethidium bromide-stained 4% high:low (3:1) melting agarose gels. Primers that did not amplify a pig-specifi c fragment were redesigned and retested at least once.
SCH panel and RH panel analysis
Primers that generated pig-specifi c PCR products were used to type the INRA-University of Minnesota porcine radiation hybrid panel (IMpRH) panel (Yerle et al. 1998 ) using optimized conditions (Table 2) . Data were initially evaluated using the IMpRH database (http://0-imprh.toulouse. inra.fr.library.unl.edu:80/) to determine map positions. Those ESTs with LOD scores ≥6.0 were submitted to the IMpRH database and those with scores <6.0 were rescored and results were resubmitted. Primers for all ESTs with fi nal LOD scores <6.0 were subsequently used to type the INRA swine SCH panel (SCHP) with the same optimized PCR conditions. Data were submitted online (http://0-www.toulouse.inra.fr.library.unl.edu/lgc/pig/hybrid.htm) and regional assignments were obtained using the INRA database (http://0-www.toulouse.inra.fr.library.unl.edu/lgc/pig/pcr/pcr. htm).
Results
As expected, the mapped genes are distributed across all pig chromosomes. Results for six of the ESTs mapped with the RH and SCHPs were discordant. Estimated positions of human orthologues, based on the UCSC Genome Browser (http://genome.ucsc.edu/; assembly of July 2003), are listed in Table 2 , when a link was available in the TIGR Pig Gene Index [SsGI (v8.0); Quackenbush et al. 2000] for the tentative consensus sequence containing the corresponding EST. The expected position of human orthologues was not available for 17 of the mapped ESTs. Predicted positions of human orthologues, based on the human-pig chromosomal painting data (Goureau et al. 1996) and results of single locus physical mapping (http://0-www.toulouse.inra.fr.library.unl.edu/ lgc/pig/cyto/cyto.htm), are provided in Table 2 . The expected cytogenetic positions of the human orthologues were in agreement with 85% of the mapped ESTs, based on comparisons of both of these databases. The human physical position of three additional ESTs was in agreement when we considered the expected human cytogenetic position based on the pig SCHP results.
Discussion
Development of RH mapping panels has proven to be an extremely useful tool for rapidly constructing high-density physical maps of mammalian genomes. This method is more amenable to high throughput mapping relative to efforts based on linkage, especially for species with limited SNP resources. The latest version of the published porcine RH map was based on 1058 EST-derived markers (Rink et al. 2002) . The current effort resulted in addition of 101 ESTs, representing 91 unique genes, to the porcine RH map, improving its density and coverage, and increasing the information content useful for comparative mapping. Moreover, the ESTs mapped in this study represent genes found to be putatively differentially expressed in ovaries and ovarian follicles of pigs selected for enhanced female reproduction (Caetano et al. 2004) , and are thus likely to play important roles in the biological processes that control ovulation rate in swine.
The systematic approach adopted to design primers and optimize PCR conditions was successful. Less than a quarter of the primer sets designed failed to produce amplicons useful for RH and/or SCHP mapping, primarily because of amplification of PCR fragments of similar size from pig and mouse/ hamster, and secondarily because of the presence of large introns in the swine genomic sequences.
The UCSC Human Genome Browser (http://genome.ucsc. edu/) represents a useful tool for predicting the physical position of human orthologues to swine expressed sequences. Our empirical mapping results agreed in 85% of the cases with the chromosomal locations predicted (Table 2 ). In the remaining cases, the observed disagreements may be the result of shuffl ing of small terminal regions of ancestral chromosomes, which cannot be detected by chromosome painting techniques, and result in disruptions of the many large synteny blocks conserved between human and pig chromosomes, as previously reported in other studies (Messer et al. 1997; Larsen et al. 1999) . In addition, discrepancies may be caused by mapped loci belonging to gene families and/or being duplicated loci that were physically separated during the independent evolution of the human and porcine genomes. Further characterization of the amplicons used for mapping these respective ESTs will be necessary to clarify these issues.
Identifying the underlying genes and respective polymorphisms regulating complex traits such as ovulation rate in swine has been a major challenge (see Pomp et al. 2001; Rohrer 2004) . Integrating phenotypic data with mapping and gene expression experiments provides a powerful approach to dissect the nature of mechanisms controlling complex traits . All of the genes mapped in this study were found to be putatively differentially expressed in the ovaries and ovarian follicles between a swine line selected for high ovulation rate and its control line (Caetano et al. 2004) . Quantitative and/or qualitative changes in mRNA expression may be the result of cis-acting allelic variations at the specifi c gene (i.e. a QTL) or conversely, may result from trans-acting mutations at QTL that control the particular gene (Yvert et al. 2003; Pomp et al. 2004) . Several porcine genomic regions have been found to contain QTL affecting ovulation rate, and twelve of the genes we mapped in this study are located in those regions (Table 3) . These differentially expressed genes found to map to regions containing QTL that are associated with differences in ovulation rate in swine become immediate positional candidates. Of particular interest are the genes of yet unknown identity and/or function (i.e. BI182164). This approach is somewhat limited because of the very broad confi dence intervals attributed to most QTL localizations. Concurrently, map positions of the ESTs evaluated in this study will likely become more refi ned as the number of loci in the RH database, against which two-point analyses can be conducted with the current set of ESTs, continues to grow.
Disagreements between mapping results using the RH and SCH panels were observed with six markers (Table 2) . This was also observed in other experiments that involved mapping markers with these two methodologies (Lahbib-Mansais et al. 2000 , 2003 Tuggle et al. 2003) . The underlying cause of the discrepancy was most likely a low LOD score for the RH panel (RHP), and thus the SCHP should be used as the best predicted map position, especially if it matches predictions based on human data. Amplifi cation of multiple fragments from paralogous gene families and/or duplicated loci has been reported in other SCHP mapping studies (Caetano et al. 1999) and may also be the cause of the observed discrepancies between the RH and SCH mapping results. Seven of the mapped genes are represented by more than one EST/ primer-set (i.e. BI181787, BI182872 and BI186431). This redundancy was used retrospectively to check the robustness of the results. In these cases, mapping results based on different primer sets were in complete agreement, except for TIMP3 (BI181387, BI183974 and BI182045) where one of the markers mapped to SSC12 with the RHP with a low LOD score (2.23). This EST mapped to SSC5 using SCHP, in agreement with results from the other EST representing this gene.
